Age-related macular degeneration (AMD) is a leading cause of blindness for older adults. The aim of 32 this study is to develop an accelerated mouse model of AMD and characterize its phenotypic features. 33 Cxcr5 knockout (KO) mice and Nrf2 KO mice were bred to create Cxcr5/Nrf2 double knockout (DKO) 34 mice. AMD-like features in Cxcr5/Nrf2 DKO mice were compared with those in CXCR5 KO mice 35 and C57BL6 wild-type (WT) controls. The assessment included fundus and optical coherence 36 tomography (OCT) imaging, periodic acid-Schiff (PAS) and immunofluorescence staining of retinal 37 pigment epithelium (RPE)-choroid flat mounts and sections. Stained samples were imaged with 38 fluorescent microscopy, and Western blots were used to monitor protein expression changes. The 39 staining of cleaved caspase-3, peanut agglutinin (PNA) lectin, and MAP2 was performed to assess the 40 presence of retinal degeneration and cell apoptosis. Quantification with statistical analysis was 41 performed with Graphpad software. The 2-4-, and 6-month-old DKO mice exhibited increased 42 hypopigmented spots on fundus and sub-RPE abnormalities on OCT as compared to the Cxcr5 KO 43 mice, and C57BL6 WT controls. Aberrant RPE/sub-RPE depositions and increased Bruch's 44 membrane (BM) thickness were demonstrated by PAS-stained sections. The DKO mice had strong 45 autofluorescence (A2E) and increased RPE/sub-RPE depositions of IgG and AMD-associated 46 proteins (β amyloid, Apolipoprotein E, complement 5b-9, and αB-crystallin). The protein expression 47 of AMD-associated proteins and Transmembrane Protein 119 (TMEM119) microglia marker were 48 upregulated at the RPE/BM/choroid complex of DKO mice. The adult DKO mice underwent 49 accelerated retinal degeneration and cell apoptosis compared to the KO and the WT mice. Together, 50 the data suggest that the Cxcr5/Nrf2 DKO mice develop significant AMD-like characteristics at an 51 early age and may serve as an accelerated AMD model.
complement (C5b-9)-revealed that immune reactivity of Aβ and αB-crystallin at the RPE and the 144 sub-RPE space was increased in the 4-and 6-month-old DKO mice but was not detected in the KO 145 mice and the WT controls and was only barely detected in the 2-month-old DKO mice (Fig. 4) . In a 146 similar manner, the RPE/sub-RPE depositions of Apo-E and C5b-9 were markedly elevated in the 147 DKO mice compared to the KO mice and the WT control ( Fig. 5 ).
148
Elevated AMD-Associated Proteins and Reduced RPE Zonula Occludens-1 Protein Levels in 149 Adult DKO Mice 150 As RPE and sub-RPE depositions of AMD-association proteins could cause RPE degeneration, 151 we, therefore, examined whether the zonula occludens-1 (ZO-1) protein was degraded in the RPE of 152 DKO mice. As indicated by the decreased immune staining signal intensity, ZO-1 was markedly 153 reduced on the RPE flat mounts of the DKO mice compared to the KO mice and the WT controls ( Fig.   154 6). It was also noted that the normal hexagonal shapes of RPE were compromised in the DKO mice 155 (Fig. B) , but both the KO mice and the WT controls had a regular layout of ZO-1(+) RPE cells. 156 Western blot results further confirmed that ZO-1 protein levels were reduced in the adult DKO mice 157 (4 and 6 months old) compared to the KO mice and the WT controls ( Fig. 6D ). Western blot results 158 further revealed that the protein levels of Aβ, Apo-E, C5b-9, and IgG heavy chain (HC) and light 159 chain (LC) were upregulated in the 4-month-old DKO mice and further increased in the 6-month-old 160 DKO mice as compared with the levels in KO mice and the WT controls. Interestingly, the microglia 161 maker TMEM119 was also upregulated in the adults of DKO mice, as compared to the KO and the 162 WT controls. It is certain that increased oxidative stress is a contributing factor to the accelerated process of 218 AMD pathology in the Cxcr5/Nrf2 DKO mice. However, the mechanism through which Cxcr5 The two founder mice were bred to generate the Cxcr5/Nrf2 double knockout (DKO) mice.
258
The RD8 mutation in the Crb1 gene incorporated in the Nrf2 -/founder animal was bred out to achieve 259 the stable Cxcr5/Nrf2 (DKO) mouse line with wild-type RD8 genotype (Cxcr5 -/-.Nrf2 -/-.Crb1-260 Rd8 wt/wt ). The description of the breeding program is presented in Suppl. Fig.1 . The Cxcr5/Nrf2 DKO 261 mice were maintained and inbreed-crossed to give birth to more progenies for further research. The primary antibody used for immunofluorescent analysis in rehydrated sections included: 299 beta-amyloid (36-6900; 1:100, Thermo Fisher Scientific); αB-crystallin (Ab151722, 1:50; Abcam, 300 Cambridge, England); ApoE (AB947, 1:50; MilliporeSigma, Burlington, MA, USA); Complement 301 5b-9 (204903-1MG, 1:50; EMD Millipore Corp). Following PBS-Tween 20 0.05% (PBS-T) washing.
302
The immune reactive signals were visualized by Cy5 conjugated anti-rabbit (ab97077, Abcam), anti-303 mouse (ab6563, Abcam) and anti-goat (ab150131, Abcam) secondary antibody 1:1,000 (Abcam).
304
Sections were counterstained with 4′, 6-diamidino-2-phenylindole (DAPI) 1:5,000 (Sigma-Aldrich) 305 and mounted with ProLong Diamond antifade reagent (P36961, Thermo Fisher Scientific). 
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